Biotransform ation, Acyclic Terpenoids, Acyloin C ondensation, Stereoselectivity C orynespora cassiicola DSM 62474 and D iplodia gossypina ATC C 10936 were found to cleave som e acyclic terminal terpendiols and prolongate them later by addition o f a C2-unit to afford 1,2-dihydroxy-propyl-com pounds. The enzymes involved in this reaction from both microorganisms displayed a strong stereoselectivity which is com pletely different in both strains. The stereochem i cal requirem ents o f the substrates for both strains and the mechanism were elucidated by using closely related substrates. The absolute configuration of the diols were solved by correlation with com pounds o f known absolute configuration.
Introduction
In 1921 N euberg and Hirsch [1] found that fer menting bak er's yeast prolongates benzaldehyde to (1 /?,25)-l-phenyl-l,2-propandiol. This reaction was later intensively used for the synthesis of natural products with different aldehydes by Fuganti and co workers [2] , In 1984 we reported on the acyloin con densation of citral [3] and activated acetate by strains of the genus Mucor. To date such a reaction has not been found for saturated aldehydes.
In a screen for strains capable of forming diols out of the 1-isobutenyl moiety of acyclic terpenoids [4] we found two organisms producing compounds with the 1,2-propandiol moiety. In this publication we will report on the substrate specificity of the strains, the configuration of these diols, and the mechanism of their form ation.
Experimental
The fungi were precultivated for 72 h at 27 °C and 100 r.p.m . in 100 ml EM flasks containing 20 ml of the following medium: 1 % of glucose, 1 % of universalpeptone (M erck), 2% of malt extract and 0.3% of yeast extract. Then the substrate was added aseptically. A fter 16, 48, and 72 h samples were taken and analyzed as follows: To 1 ml of culture broth 0.2 ml ethylacetate was added and shaken for 2 min prior to centrifugation. 1 0 fxl of the extract were developed on HPTLC plates with dichlorom ethane-acetone 7:3 [5] , The spots were detected by spraying with anisaldehyde-sulfuric acid in acetic acid and heating to 110 °C for 1 min. For biotransform ation in prepara tive scale the microorganisms were precultivated as described above. A fter 72 h the cultures were passed into five 2 liter flasks filled with 400 ml of sterilized medium and incubated for another period of 48 h. A fter this time the substrate was added and samples were taken using the procedure described above.
Extraction and purification: Culture medium and mycelia were separated by filtration and both ex tracted three times with ethyl acetate. The solvent was evaporated and the crude extract separated on Si-60 columns with a n-hexane/ethyl acetate gradient (changing from 19:1 to 1:1). W hen necessary the col lected fractions were further purified by preparative TLC.
Instrum ents used: NMR: The 'H NMR spectra were obtained at 400 MHz on a Bruker WM 400 spectrom eter and the 13C NM R spectra at 75.5 MHz on a B ruker AM 300 spectrom eter. If not stated otherwise CDC13 was used as solvent and TMS as internal standard. IR: spectra were measured on a IR Spectral-Photom eter 297, Perkin Elm er, in chloroform. Mass spectra were recorded on a A EI 902S mass spectrom eter with 70 eV. Optical rota tion: Perkin-Elm er Polarim eter 241, in chloroform.
Biotransform ation of 1.8 g myrcene 1 with D iplodia gossypina ATCC 10936 yielded after 24 h 600 mg 2, 40 mg 3, and 9 mg 4. No erythro-nordiol was detected (am ount < 1 mg).
Threo-8-norm yrcen-6,7-diol (2S,3 S-6-methyliden-7-octen-2,3-diol) (3): Colorless oil, 'H NMR: dd 5.26 (7= 17.6, 0.9 Hz) (1-H), dq 5.08 (7 = 1 0 .8 . 1 Hz) (l'-H ), ddd 6.37 (7 = 17.6, 10.8, 0.5 Hz) (2-H), dddd 2.46 (7 = 1 6 , 9.9, 5.3, 1.3 Hz) (4-H), dddd 2.29 (7= 16, 9.8, 6.4, 1.1 Hz) (4'-H ), dddd 1.69 (7= 13.8, 9.9, 6.4, 3.3 Hz) (5-H), dddd 1.59 (7 = 13.8, 9.8, 9.4, 5.3 Hz) (5'-H ), ddd 3.36 (7 = 9.4, 6.3, 3.3 Hz) (6 -H), dq 3.61 (7 = 6.3, 6.3 Hz) (7-H), d 1.19 (7 = 6.3) (8 -H), d 5.03 (7 = 0.5 Hz) (10-H), t 5.02 (7= 1.4 Hz) (lO'-H). .01 (7 = 6.7 Hz) (10-H). In C6 D 6: dddd 1.54 (7= 13, 11, 6 , 3.7 Hz) (5-H), dddd 1.13 (7= 13, 10, 7.7, 5.7 Hz) (5'-H ), dd 3.71 (7 = 7.7, 3.7 Hz) (6 -H ), s 1.50 (8 -H ), d 0.87 (7 = 6.7 Hz) (10-H).
nm 578 nm 546 nm 436 nm
Biotransformation of 1.8 g of a 1:1 mixture of 2,6-dim ethyl-l,5-heptadiene 30 and 2,6-dimethyl-2,5-heptadiene 48 with D iplodia gossypina ATCC 10936 yielded after 24 h 210 mg 31, 60 mg 32, 50 mg 2,2-dimethyl-3-hydroxy-5-(2'hydroxy-2'-propyl)-tetrahydrofuran, and 30 mg 3S-2,6-dimethyl-5-hepten-2,3-diol. The erythro-nordiol was not detected (amount < 1 mg). Biotransform ation of 1.9 g of racemic transnerolidol 5 with Corynespora cassiicola DSM 62474 yielded after 24 h 45 mg 5, 1400 mg 6 , 40 mg 7, 20 mg 9, and 15 mg 8 , beside two other products not m entioned here. Biotransform ation of 1.4 g of 6 with Corynespora cassiicola DSM 62474 yielded after 120 h 144 mg 9, 116 mg 8 , and 67 mg 7.
Biotransform ation of 1.9 g of a mixture of stereoisomers of farnesol 10 with Corynespora cas siicola DSM 62474 yielded after 48 h 800 mg of the stereoisomers of 11, 50 mg 14, 50 mg 14a, 25 mg 12, 25 mg 12a, 25 mg 13, 25 mg 13a, 17 mg 2 £ ,6 Z -10,11-epoxy-farnesol, and 15 mg 2Z,6Z-10,11-epoxy-farnesol. Erythro-10,11 -dihydroxy-2 E, 6 E-12-norfarnesoI (13): Not completely free of 13a, *H NM R: d 4.12 (7 = 7 Hz) (1-H), t 5.34 (7 = 7 Hz) (2-H), m 2.1 (4-H, 5-H, 8 -H ), t 5.11 (7 = 7 Hz) (6 -H ), m 3.56 (10-H), m 3.72 (11-H), d 1.13 (7 = 6 Hz) (12-H), s(br) 1.60 (14-H), s(br) 1.64 (15-H).
13 reacted with acidic acetone to the 1,3-dioxolane: JH NMR: d 4.13 (7 = 7 Hz) (1-H), t 5.38 (7 = 7 Hz) (2-H), m 2.1 (4-H, 5-H, 8 -H ), t 5.12 (7 = 7 Hz) (6 -H ), ddd 3.98 (7 = 1 0 , 5, 5 Hz) (10-H), dq 4.21 (7 = 6 , 6 Hz) (11-H), d 1.15 (7 = 6 Ery thro-10,11-dihydroxy-2 Z, 6 E-12-norfarnesol (1 3 a ): Not completely free of 13, 'H NMR: d 4.09 (7 = 7 Hz) (1-H), 15.39 (7 = 7 Hz) (2-H), m 2.1 (4-H, 5-H, 8 -H ), t 5.14 (7 = 7 Hz) (6 -H ), m 3.56 (10-H), m 3.75 (11-H), d 1.14 (7 = 7 Hz) (12-H), s(br) 1.60 (14-H), s(br) 1.72 (15-H).
13 a reacted with acidic acetone to the 1,3-dioxolane: 'H NMR: d 4.09 (7 = 7 Hz) (1-H), 15.42 (7 = 
Results
A fter a screen of microorganisms capable of form ing the diol by the attack of the 1 -isobutenyl moiety of acyclic terpenoids two strains were found to pro duce additional norterpenes. The biotransformation of myrcene (1) with D iplodia gossypina ATCC 10936 afforded 6,7-dihydroxy-myrcene (2), 4-methyliden-5-hexenol-l (4) and 8-nor-6,7-dihydroxy-myrcene (3). Corynespora cassiicola DSM 62474 afforded also the corresponding nordiols 8 and 9 with transnerolidol (5) lacking here the 12-methyl group.
The configuration of the dihydroxy-norterpenoids was solved by reacting them with acetone and cata lytic amounts of acid to form the 5-substituted 2,2,4-trim ethyl-l,3-dioxolane. In these compounds the conformation of the asymmetric centers of the vicinal diol is fixed and NOE experiments could be per- formed. Irradiation at the 4-methyl group gave in the N O E experiment of the 1,3-dioxolane derivative of 3 an enhancem ent at 5-H so that the diol must have the threo-configuration. In the case of the 1,3-dioxolane of the nordiol (9) of frans-nerolidol an enhancem ent of the m ethylene-proton adjacent to C-5 was ob served requiring the erythro-configuration of the diol. Threo-and erythrodiols can easily be discerned by their 13C NM R resonances. The range of reso nances of the methyl group adjacent to the diol part depends on the diol configuration. The range of reso nances of these methyl groups is shifted to higher fields in the erythro-diols while the vicinal carbon is deshielded in relation to that one of the threo-diols (Table I) . These diols were further correlated with 2,3-diols of known absolute configuration so the absolute con figuration of the nordiols formed by D iplodia g o ssy pina ATCC 10936 could be deduced. The threo-nordiol (3) gave a D -15.3° while 2S,3S-octan-2,3-diol [6 ] has a D -18.5°. It is noteworthy that the absolute configuration of the diol 27 and 39 is independent from the configuration at C-3. This correlation was very uncertain with the nordiols formed by C oryne spora cassiicola DSM 62474 because the strength of the optical rotation of these compounds were rather low. The data we obtained however pointed to the same absolute configuration as the nordiols of D ip lo dia gossypina.
